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Abstract: Secondary sclerosing cholangitis in critically ill patients (SSC-CIP) is a recently 
identified cholestatic liver disease occurring in patients without prior history of hepatobiliary 
disease, after receiving treatment in the intensive care unit (ICU) in different sets, including: 
cardiothoracic surgery, infection, trauma and burns. It is a rare entity, being estimated to 
occur in one in 2000 patients in an ICU, however it is a dismal condition with up to half of 
the patients dying during the ICU stay and with rapid progression to liver cirrhosis over 
weeks to months. SSC-CIP should be considered in the differential diagnosis of cholestasis in 
the ICU, particularly when cholestasis persists after recovery from the critical event. 
Diagnosis is established with magnetic resonance cholangiopancreatography (MRCP) or 
endoscopic retrograde cholangiopancreatography (ERCP) showing dilations and stenoses of 
the intrahepatic bile ducts, as well as biliary casts. No available treatment has been shown to 
slow the rapid progression of the disease, and liver transplant referral should be considered 
early after the diagnosis of SSC-CIP. Increased awareness and timely diagnosis are crucial in 
order to improve the current appalling outcome. 
Keywords: secondary sclerosing cholangitis, critically ill patients, intensive care, biliary 
casts, bile casts 
Resumo: A colangiopatia associada aos cuidados intensivos (CACI), descrita pela primeira 
vez em 2001, é uma doença colestática que ocorre em doentes sem antecedentes de patologia 
hepatobiliar após internamento na Unidade de Cuidados Intensivos (UCI). As indicações que 
motivaram a necessidade de UCI podem ser: após uma cirurgia major (particularmente 
cardiotorácica), infeção, trauma e queimaduras [1, 2]. A prevalência exacta da doença não é 
conhecida mas estima-se que ocorra em 1 em cada 2000 doentes na UCI [3, 4]. A duração do 
internamento em UCI é em média 30-40 dias, a idade média dos doentes é 50 anos. Factores 
de risco conhecidos são o sexo masculino, necessidade de ventilação mecânica e episódios de 
hipotensão grave durante o internamento [5, 6]. Obesidade e aumento da gordura visceral, 
bem como maior tempo passado em posição de decúbito ventral são também outros factores 
de risco descritos para desenvolver CACI [7]. 
A fisiopatologia ainda não é completamente conhecida, mas tanto a doença crítica como o 
seu tratamento em UCI parecem estar implicados. A hipótese mais aceite defende que há um 
insulto isquémico primário (“colangiopatia isquémica”), que em conjunto com alterações da 
composição da bílis (“bílis tóxica”) leva à necrose de colangiócitos, principalmente a nível 
intra-hepático, com formação de cilindros biliares e estenoses [2, 3, 8]. A obstrução biliar 
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resultante favorece a infeção biliar persistente que acelera a destruição progressiva e 
irreversível dos canais biliares intra-hepáticos, cujo resultado final é a cirrose biliar 
secundária [9].  
São vários os argumentos a favor do conceito de “colangiopatia isquémica” como mecanismo 
fisiopatológico primário: 1) os ductos biliares intra-hepáticos são mais suscetíveis à isquémia 
do que o parênquima hepático e o colédoco, em virtude da sua vascularização exclusivamente 
derivada de ramos da artéria hepática [10, 11]; 2) nos doentes que desenvolvem CACI, a 
ocorrência de instabilidade hemodinâmica é duas a 3 vezes mais frequente do que nos 
doentes internados em UCI no geral [9, 12, 13]; 3) o início da hipotensão relaciona-se 
temporalmente com o aparecimento de colestase [3]; 4) todos os doentes com CACI 
receberam ventilação mecânica, que se associa a diminuição do fluxo sanguíneo hepato-
esplâncnico  [6, 14, 15]; e 5) os cilindros biliares estão presentes desde as primeiras semanas 
após o início da colestase e a sua composição rica em proteínas reflecte a necrose de 
colangiócitos [9, 16]. Por outro lado, o uso de vasopressores em doses altas não parece 
promover o desenvolvimento de CACI. 
Tanto a isquémia como a inflamação sistémica são responsáveis pela diminuição da 
expressão de transportadores hepatobiliares, nomeadamente MDR3 e AE2, o que altera a 
composição da bílis tornando-a mais tóxica e contribuindo para a necrose de colangiócitos 
[17-19]. Admite-se que variantes genéticas associadas à diminuição da expressão destes 
transportadores confiram risco acrescido de desenvolver CACI [8]. 
A infeção biliar por organismos multi-resistentes como Enterococcus e Candida albicans, 
facilitada pela obstrução biliar, é responsável por colangites recorrentes. As colangites não 
parecem contribuir para o desenvolvimento de CACI, mas relacionam-se com a progressão 
para cirrose biliar [2, 9, 20]. 
Por outro lado, a colangiopatia induzida por fármacos, um subtipo de lesão hepática 
induzida por fármacos que se manifesta por um padrão analítico do tipo colestático, é uma 
causa de colangite esclerosante secndária (CES) e pode ser um fator promotor de CACI em 
doentes geneticamente suscetíveis. Os fármacos mais implicados são os antibióticos e agentes 
anestésicos como a cetamina [21-24]. A nutrição parentérica total, apesar de se associar a 
disfunção hepática com esteatose e colestase, não parece ter um papel importante no 
desenvolvimento CACI [3, 25]. 
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O diagnóstico de CACI é difícil por várias razões: 1) ainda é uma entidade pouco 
reconhecida; 2) é assintomática nas fases iniciais, manifestando-se apenas como um padrão 
colestático nas provas hepáticas; 3) o diagnóstico diferencial de colestase na UCI é vasto, 
sendo secundária a CACI apenas numa minoria dos casos; 4) o diagnóstico definitivo só pode 
ser estabelecido por colangiopancreatografia por ressonância magnética (CPRM) ou 
colangiopancreatografia retrógrada endoscópica (CPRE); e 5) a mortalidade durante o 
tratamento na UCI é elevada, muitas vezes não permitindo um diagnóstico atempado [2, 13, 
26]. 
Laboratorialmente, observa-se uma elevação inicial da gama-glutamil-transpeptidase (GGT) 
durante a segunda semana após o evento potencialmente fatal, seguida pela elevação da 
fosfatase alcalina (FA). Só mais tarde se verifica a elevação da bilirrubina, sendo que a 
aspartato aminotransferase (AST) e a alanina aminotransferase (ALT) permanecem normais 
ou pouco elevadas. O pico da GGT é mais pronunciado que o da FA e da bilirrubina [2, 27]. 
Nesta fase, o diagnóstico diferencial inclui: colestase induzida por sépsis, nutrição parentérica 
total, coledocolitíase, lesão hepática induzida por fármacos e lesão hepática isquémica. A 
persistência de colestase mesmo após melhoria clínica é o principal aspecto que distingue a 
CACI das outras entidades [28, 29]. 
A ecografia abdominal é frequentemente o método inicial de avaliação imagiológica da 
colestase, mas tem uma baixa sensibilidade para a deteção de CACI, pelo que uma ecografia 
normal não deve excluir outros exames quando há suspeita clínica (i.e. quando a colestase 
persiste ou o doente desenvolve colangite) [2]. O diagnóstico é confirmado por CPRM ou 
CPRE que, na fase inicial, revelam cilindros biliares nos canais biliares intra-hepáticos. Em 
fases mais avançadas há estenoses e dilatações difusas dos canais biliares intra-hepáticos, 
com obliteração progressiva dos ductos periféricos. As vias biliares extra-hepáticas estão 
poupadas em 80% dos casos [2, 27, 30]. O diagnóstico é frequentemente tardio, demorando 
em média 60 dias nos estudos iniciais, sendo que estudos mais recentes reportaram um atraso 
de 25 dias desde o início da colestase até ao diagnóstico [4, 30, 31]. Este atraso traduz não só 
a falta de reconhecimento da doença, mas também a dificuldade em aferir quais os doentes 
que vão beneficiar da CPRM/CPRE [29, 30]. O exame histológico tem um papel reduzido no 
diagnóstico, revelando apenas achados inespecíficos de obstrução biliar crónica, sendo, no 
entanto, útil para o diagnóstico diferencial ao excluir outras patologias [9, 32].  
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A história natural da doença contempla duas fases distintas. Uma fase inicial assintomática, 
marcada apenas pela colestase em provas hepáticas. Ainda assim a mortalidade destes 
doentes durante o tratamento na UCI é de 50% e associa-se a necessidade de terapêutica de 
substituição renal e pontuações MELD mais elevadas [27, 30]. A condição que motivou o 
internamento na UCI também influencia o prognóstico: trauma e queimaduras associam-se a 
menor mortalidade, por poderem ocorrer em pessoas previamente saudáveis [33]. A segunda 
fase só é aparente no doentes que sobrevivem ao tratamento na UCI e é dominada pelos 
sintomas típicos de colangite esclerosante: icterícia, prurido e desconforto abdominal [29]. 
Na maioria dos doentes também se verifica acentuada perda ponderal e o curso da doença é 
muitas vezes complicado por episódios recorrentes de colangite bacteriana [2, 34]. A 
evolução da doença é dramática, podendo progredir para cirrose hepática em meses [13]. 
Consequentemente, a mortalidade é muito elevada, apresentando uma sobrevida livre de 
transplante mediana de 13-44 meses, significativamente inferior à de colangite esclerosante 
primária e colangite esclerosante secundária no geral [2, 34, 35]. Cerca de 40% dos doentes 
morre de insuficiência hepática, 40% desenvolve cirrose biliar secundária mas mantém-se 
estável e 20% progride para doença hepática terminal com necessidade de transplante [5]. 
As opções terapêuticas na CACI são limitadas. A remoção endoscópica de cilindros biliares e 
esfincterotomia levam a uma melhoria clínica e bioquímica transitória, mas não evitam a 
progressão nem alteram o prognóstico dos doentes [9, 34, 36]. O ácido ursodesoxicólico é 
frequentemente utilizado, mas não parece ter eficácia [13, 37]. Os episódios recorrentes de 
colangite são tratados com terapêutica endoscópica e antibioticoterapia, que deve ser dirigida 
com base no exame microbiológico da bílis e prolongada por duas semanas [6, 38]. O 
transplante hepático é a única terapêutica curativa, sendo que 75% dos doentes com CACI 
são colocados em lista de espera para transplante hepático no primeiro ano após o 
diagnóstico. A sobrevida após transplante é de 90% a 1 ano e 85% a 3 anos, comparável à dos 
doentes transplantados por cirrose hepática alcoólica [2, 33]. A maioria das mortes após 
transplante ocorrem no primeiro ano, sendo a sépsis a principal causa de morte [31]. 
Em conclusão, a CACI é uma doença ainda pouco reconhecida e subdiagnosticada, para a 
qual não existe tratamento médico eficaz, sendo o tratamento endoscópico apenas paliativo. 
Tendo em conta o terrível prognóstico desta doença, a única forma de melhorar a sobrevida 
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Sclerosing cholangitis encompasses a group of progressive cholestatic diseases affecting the 
intrahepatic and/or extrahepatic bile ducts that can progress to biliary cirrhosis. Primary 
sclerosing cholangitis (PSC) is an idiopathic disease characterized by a typical beaded 
appearance in cholangiographic studies, for which no effective medical treatment is available. 
PSC has a strong association with inflammatory bowel disease. [39, 40]. When we can 
identify a cause for sclerosing cholangitis it is dubbed secondary sclerosing cholangitis 
(SSC). Examples of SSC are auto-immune IgG4-associated, infectious, drug-induced, 
ischemic and obstructive [41]. SSC in critically ill patients (SSC-CIP) is a rare form of SSC 
that was first described by Scheppach et al. in 2001 [1]. SSC-CIP is believed to be ten times 
less frequent as PSC [2]. Only 250 cases were reported in the literature. Over half of the cases 
were published in the last 5 years, which reflects increasing recognition of SSC-CIP as a 
cause of hepatic dysfunction in the intensive care unit (ICU). 
 SSC-CIP affects patients with no history of previous hepatic/biliary disease, after treatment 
in an ICU for a variety of different underlying conditions including major surgery, sepsis and 
trauma [2, 30]. The pathogenesis of SSC-CIP is still not fully understood, however ischemia 
of the bile ducts is widely regarded as the primary mechanism. Changes in bile composition 
and subsequent biliary infection also seems to play a role [3, 9, 27]. Cholestasis is a common 
finding in critically ill patients, affecting up to 20% at admission in the ICU and it is usually 
reversible when associated with sepsis, drug-induced hepatotoxicity, parenteral nutrition or 
other forms of SSC [26, 42]. However, when cholestasis persists beyond the successful 
treatment of the underlying disease, we should suspect of SSC-CIP [9]. The diagnosis is 
made by endoscopic retrograde cholangiopancreatography (ERCP) or magnetic resonance 
cholangiopancreatography (MRCP) revealing PSC-like diffuse strictures and dilations of the 
intrahepatic bile ducts, and filling defects translating biliary casts [13, 27]. Biliary casts are 
present since the early stages of the disease [2, 9]. SSC-CIP typically has two different 
presentations: 1) acute liver failure during ICU treatment, often leading to death while 
patients wait for liver transplantation, or 2) persistent cholestasis rapidly progressing to 
cirrhosis [9, 30, 43, 44]. The prognosis is dire, with around half the patients dying in the ICU, 
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and the other half requiring liver transplantation in the following 3-4 years [2, 33]. Despite 
increased recognition in recent years, SSC-CIP remains underdiagnosed. In the cases where 
SSC-CIP is identified, the median time from the first signs of cholestasis to diagnosis is 54 
days, mostly due to a delay in performing ERCP [2].   
This review aims to summarize the most recent evidence regarding the pathogenesis, 
diagnosis and prognosis of SSC-CIP. An emphasis is placed on differential diagnosis to help 
in the early recognition of these patients, which might improve outcomes, allowing earlier 
palliative endoscopic therapy and earlier referral for liver transplantion. 
 
Epidemiology 
Critically ill patients who develop SSC are a very heterogeneous group owing, in part, to the 
variety of possible underlying diseases that lead them to the ICU. The unifying feature is the 
lack of history of hepatobiliary disease prior to the life-threatening event, a prerequisite for 
the diagnosis [2, 4, 37]. 
Reasons for admission in the ICU include burns, trauma, acute respiratory distress syndrome 
(ARDS), infections, subarachnoid haemorrhage, and post major surgery [2, 4, 13, 32]. 
Cardiothoracic surgery seems to confer a particularly high risk of developing SSC-CIP [30, 
34]. The mean age of patients at the time of diagnosis is 50 years, but ranges from 19 to 79 
years, which can be explained by the unpredictable nature of some of the reasons for 
admission in the ICU [5, 9]. The average length of stay in ICU is 30-40 days, though in some 
cases as short as 9 days [2, 43, 45]. Similarly to PSC, males seem to be more prone to SSC-
CIP than females with studies reporting a male/female ratio ranging from 2.2:1 to 9:1 [3, 4, 9, 
27, 32, 46]. All reported patients required mechanical ventilation during their stay in ICU for 
an average of more than 30 days and most patients presented severe hypotension requiring 
vasopressor treatment [3-6, 9]. Weig et al. evaluated patients with ARDS due to H1N1 
pneumonia and found that obesity, increased visceral fat and longer time spent in prone 
position were associated with a higher risk for developing SSC-CIP [7]. 
Although certainly rare, the true prevalence of SSC-CIP has not been ascertained. In fact, 
SSC-CIP is an underdiagnosed condition, with half of the patients dying during ICU stay, 
before the diagnosis can be reached [30, 33]. Any attempt would probably underestimate it, 
as it remains underdiagnosed. Two retrospective studies found similar prevalence of SSC-
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CIP, affecting about 1 in 2000 patients admitted in an ICU [3, 4]. Leonhardt et al. identified 
SSC-CIP as being responsible for 0.61% of all liver transplants in one hospital, which was 10 
times less frequent as PSC accounting for 6.2% [2].  
Pathophysiology 
The exact mechanisms by which SSC-CIP develops are yet to be understood. Both critical 
illness and its intensive care treatment seem to contribute to the pathogenesis [3]. The most 
accepted theory is that ischemia (“ischemic cholangiopathy”) in combination with changes 
in bile composition (“toxic bile”) lead to necrosis of cholangiocytes and bile cast formation. 
The resulting biliary obstruction and biliary infection all participate in a process that leads to 
progressive and irreversible destruction and obliteration of the intrahepatic bile ducts, 
ultimately leading to secondary biliary cirrhosis [2, 3, 8, 9, 36].  
Other factors of modern intensive care treatment might play a role in the pathogenesis of 
SSC-CIP [9]. Total parenteral nutrition (TPN) is common in critically ill patients and can 
lead to steatosis and cholestatic liver dysfunction when used for more than one week [25, 28]. 
However, epidemiological studies do not support TPN as a risk factor for SSC-CIP, since in a 
series of 16 patients by Leonhardt et al., patients either did not receive TPN prior to the onset 
of cholestasis, or received for only a short period [3].  
Idiosyncratic drug-induced liver injury (DILI) could also play an important role in the 
development of SSC-CIP. When DILI manifests as a cholestatic or mixed type pattern in 
hepatic tests it is referred to as drug-induced cholangiopathy, reflecting damage of the biliary 
epithelium. Patients with drug-induced cholangiopathy can develop SSC [21, 22]. Several 
drugs commonly used in the ICU setting have been implicated in drug-induced SSC 
including antibiotics and anaesthetics such as ketamine [22, 24, 47]. Interestingly, in one case 
series 15 out of 16 patients received ketamine prior to developing SSC-CIP [3]. Lastly, 
genetic predisposition is likely a key determinant to developing drug-induced cholangiopathy 
[23]. 
• Ischemic cholangiopathy 
The hepatic parenchyma is supplied by both the hepatic arteries and the portal vein, whereas 
the common bile duct receives a dual arterial blood supply from both the hepatic artery and 
branches of the gastroduodenal artery [48]. However, the intrahepatic biliary tree is supplied 
exclusively by branches of the hepatic artery, which form the intrahepatic peribiliary vascular 
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plexus [10, 11]. This provides the anatomical grounds for intrahepatic bile duct ischemic 
susceptibility and could explain why the extrahepatic bile duct is usually spared in SSC-CIP 
[2, 13, 27]. 
Macrocirculatory compromise seems to be the cornerstone of ischemic bile duct injury, 
particularly when associated with microcirculatory disturbances directly affecting the 
peribiliary vascular plexus [3, 11]. Around 33% of ICU patients have hemodynamic 
instability requiring vasopressors at any time during their stay  [12]. In patients who go on to 
develop SSC-CIP, this number rises to 60-100% [3, 9, 13]. Moreover, the onset of 
hypotension seems to temporarily associate with the onset of cholestasis [3]. Previous 
researchers have hypothesized that the use of high-dose vasopressors could promote the 
development of SSC-CIP [4, 6, 9, 13]. However, this hypothesis is not consubstantiated by 
the available data, and because of the relevance of vasopressors in the ICU setting, this is a 
matter that needs a thorough discussion. The optimal use of vasopressors in shock is still 
controversial, being norepinephrine and dopamine the most commonly used [12]. All 
vasopressors and inotropes increase systemic blood pressure and cardiac output, but this does 
not necessarily translate into improved hemodynamics in the hepatosplanchnic territory [49]. 
Norepinephrine, based on its α-adrenergic agonist effects, has been assumed to induce 
splanchnic ischemia. However, the experimental data is hard to interpret because studies are 
very heterogeneous regarding their population and hemodynamic endpoints [49]. For 
example, norepinephrine has been shown to have no effect on mesenteric blood flow in a 
septic sheep model, however it decreased mesenteric blood flow in a septic porcine model 
[50, 51]. In one study with 10 septic human patients, norepinephrine associated with a higher 
hepatosplanchnic blood flow to cardiac output ratio as compared with dopamine, resulting in 
improved hepatocellular energy balance [52]. This result was unexpected since regional 
vasodilating properties of dopaminergic activation should lead to a higher hepatosplanchnic 
to cardiac output ratio in the dopamine treated patients. These findings translate the 
contradictions found in the literature, as well as the unreliability of biological plausibility as 
the sole argument for vasopressor-induced biliary ischemia. More recently, two small 
retrospective studies failed to demonstrate an association between high-dose vasopressor use 
and higher risk for SSC-CIP development [3, 7].  
All patients with SSC-CIP received mechanical ventilation, which is believed to contribute to 
hepatosplanchnic ischemia [5, 6]. In fact, mechanical ventilation with positive end-expiratory 
pressure (PEEP) higher than 10cm H2O, prone positioning and low tidal volumes associated 
14 
 
with negative effects on the hepatosplanchnic blood flow, in animal models [14, 15, 53]. 
Prone positioning in particular seems to be associated with the development of SSC-CIP, in 
humans [7].  
Leonhardt et al. showed that all SSC-CIP patients presented at least one factor capable of 
disrupting the microcirculation blood flow, namely increased blood viscosity, red blood cell 
(RBC) transfusions and/or hypercoagulable states [3]. Moreover, two different groups also 
suggest an association between higher RBC units transfused and an increased risk for SSC-
CIP development [13, 27].  
In summary, disturbances in the arterial supply of the peribiliary vascular plexus lead to 
necrosis of cholangiocytes with formation of biliary casts and inflammation/scarring of the 
bile ducts which results in cholestasis [9, 34]. A different set where biliary casts have been 
extensively described is following orthotopic liver transplantation (OLT), in which two 
different types of biliary casts have been identified based on their biochemical composition.  
One type is mainly composed of bilirubin (10-50%) and bile acids (10-15%) and is thought to 
arise due to mechanical obstruction. The other type is mainly composed of proteins, mostly 
collagen, which seems to be derived from necrotic cholangiocytes [16, 54]. Biliary casts in 
SSC-CIP are mainly composed of proteins and can be seen in the first weeks after the onset 
of cholestasis, further hinting at the role of ischemia as the primary insult in these patients 
[9]. 
• Toxic bile 
Cholangiocytes, even under physiological circumstances, are exposed to toxic concentrations 
of hydrophobic bile salts. To survive in such an environment requires defence mechanisms 
that rely on hepatobiliary transporters. The formation of mixed micelles of bile salts is one 
such mechanism and it is dependent on biliary phospholipid secretion by hepatocytes via 
MDR3/ABCB4 [8, 55]. Genetic defects with impaired MDR3/ABCB4 activity have been 
linked to cholestatic and ductopenic liver disease in humans [56]. It has been shown that 
MDR2 (human orthologue - MDR3) knockout mice develop sclerosing cholangitis secondary 
to the complete absence of phospholipids from bile [17, 57]. Ischemia has also been shown to 
negatively affect hepatobiliary transporters and lead to cell injury and cholestasis [18, 58]. 
Trauner et al. have theorized that low expression MDR3 genetic variants might predispose to 
the formation of toxic bile under ischemic or inflammatory conditions, thus playing an 
important role in determining which critically ill patients with cholestasis go on to develop 
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SSC-CIP [8].  Another important mechanism of defence is the secretion of HCO3
- via AE2, 
which maintains a high pH near the apical surface of cholangiocytes, capable of preventing 
permeation of protonated bile acids. Beuers et al. theorized that loss of this protective 
mechanism due to ischemia is implicated in SSC-CIP [55]. Indeed, pro-inflammatory 
cytokines inhibit AE2 activity in animal models [19]. 
Inflammatory cytokines play an integral role in the pathophysiology of systemic 
inflammatory response syndrome (SIRS). The incidence of SIRS has been estimated as being 
over 50% in ICU patients [59]. Leonhardt et al. found that all 16 of their SSC-CIP patients 
developed SIRS prior to the diagnosis [3]. These findings suggest that ischemia is responsible 
not only for direct damage to cholangiocytes, but also, in conjunction with inflammatory 
stress, for the development of toxic bile that further contributes to cholangiocyte necrosis. 
• Biliary infection 
Few case reports described SSC following a single severe episode of bacterial cholangitis, 
however it is much more frequent the development of SSC after recurrent bacterial 
cholangitis in the context of chronic biliary obstruction. [29, 60].  
Biliary obstruction is a prerequisite for bacterial cholangitis because it abrogates the 
antibacterial effects of bile flow and the biliary secretion of IgA [38]. In SSC-CIP, biliary 
obstruction is the result of the development of biliary casts, which are present since the first 
weeks of cholestasis. As the disease progresses, the obstruction is perpetuated due to the 
development of multifocal intrahepatic biliary strictures  [2, 9]. A meta-analysis found that 
bacteria and/or Candida species are detectable in the bile collected during ERCP in 98% of 
SSC-CIP patients [6]. Enterococci and Candida albicans are the most common agents, which 
frequently present a high rate of antibiotic resistance, presumably a reflection of the high rate 
of previous antibiotic treatment in critically ill patients [20]. Recurrent bacterial cholangitis is 
common in SSC-CIP patients, and while it is yet to be determined if it is itself pathogenic or 
an innocent bystander, infection associates with the progression to cirrhosis [2, 6, 9, 45]. The 
role of the microbiota is also highlighted by the recently described association between 
NOD2 gene mutations and higher susceptibility for developing SSC-CIP [61]. NOD2 is a 
pattern recognition receptor that regulates the gut-microbiome homeostasis and has a key role 
in bacterial translocation. NOD2 gene mutations had already been identified as risk factors 
for Crohn’s disease and spontaneous bacterial peritonitis in patients with liver cirrhosis [61, 
62]. The pathophysiology of SSC-CIP is summarized in Figure 1. 
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Figure 1. Schematic representation of the pathophysiology of SSC-CIP. 
Diagnosis 
The diagnosis of SSC-CIP is difficult for several reasons: 1) it is still a greatly 
underrecognized entity; 2) it is asymptomatic in the early stages, manifesting only as a 
cholestatic pattern in liver tests; 3) the differential diagnosis of cholestasis in ICU patients is 
vast, being secondary to SSC-CIP in only a minority of these patients; 4) the diagnosis can 
only definitively be established by MRCP/ERCP; and 5) mortality is high during ICU 
treatment often not allowing a timely diagnosis [2, 13, 26].  
 
 
• Laboratory parameters 
SSC-CIP manifests with a pattern of elevation of cholestatic parameters. Gamma glutamyl 
transpeptidase (GGT) rises first, around 7-9 days after the initial insult and is followed, a few 
days later, by alkaline phosphatase (ALP) elevation. Bilirubin is the last one to rise, taking 
around 20 days. GGT is also more pronounced, peaking at around 20-50 times the upper limit 
of normal (ULN), while ALP and bilirubin elevation reach a maximum of 15 times the ULN 
[2, 27]. Conversely, ALT and AST show only a moderate increase of up to 3 times the ULN 
[5]. Interestingly, bilirubin levels may spontaneously decrease after 2-6 months while SSC-
CIP keeps progressing [13]. In one study there was a significant increase of cholesterol levels 
in SSC-CIP patients, around 2.5 times the ULN, differentiating it from PSC, in which 
hypercholesterolemia is uncommon [2, 63].  
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The differential diagnosis for cholestasis in the ICU set is extensive, most notably: sepsis-
induced cholestasis, TPN, choledocholithiasis, and DILI [26, 28]. Hypoxic liver injury (HLI), 
although mostly characterized by hepatocellular necrosis, still merits discussion. Indeed, HLI 
affects 10% of ICU patients, it also associates with shock states and manifests as jaundice in 
one-third of patients [42]. The different characteristics of these diseases are shown in 
Table 1. 
The single most important aspect that distinguishes SSC-CIP from the other causes is 
cholestasis persisting beyond clinical recovery. Persistent cholestasis reflects irreversible 
anatomical damage rather than transient functional impairment [28, 29].  
• Imaging studies 
The first diagnostic study in a patient with cholestasis is an abdominal ultrasound, which can 
rule out other diagnosis such as choledocholithiasis, although lacking sensitivity for SSC-CIP 
[64]. Indeed, abdominal ultrasound suggested the diagnosis of SSC-CIP in only 30% to 40% 
of patients [2, 30]. This low sensitivity is due to the fact that echogenic biliary casts are 
present since the first weeks of cholestasis and they assume the shape of the biliary tree, 
mimicking a normal bile duct system. Hence, a normal abdominal ultrasound should not 
exclude further testing when SSC-CIP is suspected (i.e. when cholestasis persists beyond 
recovery from the ICU or cholangitis develops) [30].  
MRCP is the imaging method of choice following abdominal ultrasound and prior to ERCP 
since it is non-invasive and can accurately diagnose SSC-CIP. In the early stages of the 
disease MRCP reveals defects in the intrahepatic biliary tree corresponding to biliary casts 
and biliary leakages, occasionally forming bilomas. At later stages diffuse intrahepatic bile 
duct strictures are observed. Notably, the distal common bile duct is preserved at all stages 
[27]. MRCP has some disadvantages compared to ERCP in SSC-CIP. Most notably, it does 
not allow for interventional procedures. Furthermore, MRCP is also limited in patients with 
heart medical devices, which are relatively common in SSC-CIP patients [30]. 
ERCP is considered the gold standard for the diagnosis of SSC-CIP [2, 4, 9, 13]. Despite the 
marked cholestasis, ERCP is often delayed with most studies reporting a delay of around 60 
days until it is performed, though more recent studies reported lower delay up to 25 days [2, 
4, 30, 31]. This delay might be attributable to several factors: 1) there is still lack of 
awareness of SSC-CIP; 2) dilated bile ducts on ultrasound (that would prompt the realization 
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of ERCP) occurs in less than 50% of the cases; and 3) SSC-CIP is seldom misdiagnosed as 
sepsis-induced cholestasis (the most common cause of cholestasis in the ICU) [2, 29, 65]. As 
such, often, it is not until cholestasis fails to resolve after clinical recovery that the clinical 
suspicion of SSC-CIP becomes significant enough to merit an invasive test such as ERCP, 
inevitably leading to a delayed diagnosis [29, 30].  
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Biphasic pattern: initial 
elevation of ALT/AST, 
followed by elevation of 
bilirubin. ALP and GGT may 
be normal.  
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TPN >1 week, RUQ and 
hepatomegaly. 
Mixed pattern with 
cholestasis and 
hepatocellular necrosis.  
Cholestasis in the 
setting of TPN after 






formulation of lipids. 
Discontinuation or 
cycling of TPN if 
feasible. 
Liver dysfunction 
is self-limited but 
may progress to 
steatohepatitis and 




RUQ pain accompanied by 
nausea and vomiting. 
Rise in ALT/AST followed 
by ALP and bilirubin. INR 
may be elevated. Transient. 
US and CT scan may 
reveal dilated bile 
ducts and duct stones 
in the initial 
evaluation. Diagnosis 
is usually confirmed 












Idiosyncratic drug reaction 
(commonly antibiotics and 
anaesthetics).  
Hepatocellular, cholestatic or 
mixed pattern. 
Cholestatic pattern more 
common in >60 years old, 
associated with antibiotics.  
Establishment of 
causal relationship 
according to clinical 
scores such as 
RUCAM and 
Maria&Vitorino, 
Rapid removal of the 
offending drug. 
UDCA may be 
beneficial in 
cholestatic DILI. 
Mostly benign but 





persist for months. 
[69-72] 
HLI 10% 
Occurs in the setting of 
cardiac, respiratory or 
circulatory failure, typically 
in the first 48h after 
admission. 
Rapid rise in ALT/AST >20x 
ULN with return to baseline 
in one week. 
Cholestasis is seen in 1/3 of 
patients. 
Clinical. 
Correction    of the 
underlying cause of 






mortality is >50%. 
[26, 42, 73] 
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase, DILI, drug-induced liver injury; ERCP, endoscopic retrograde 
cholangiopancreatography; EUS, endoscopic ultrasound GGT, gamma glutamyl transpeptidase; HLI, hypoxic liver injury; MRCP, magnetic resonance 
cholangiopancreatography; RUCAM, Roussel-Uclaf Causality Assessment Method; RUQ, right upper quadrant; TPN, total parenteral nutrition; UDCA, 
ursodeoxycholic acid; ULN, upper limit of normal; US, ultrasound 
Similarly to MRCP, early ERCP findings consist of intraductal filling defects of the 
intrahepatic bile ducts due to biliary casts. As the disease progresses, diffuse irregular 
strictures and dilations with the typical beaded appearance become evident. In later stages, 
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the peripheral intrahepatic bile ducts are completely obliterated leaving only a central biliary 
system that Leonhardt et al. described as a “pruned tree” [2, 9]. Concomitant extrahepatic 
bile duct involvement occurs in around 20% of the cases but it is always mild. In 6% of the 
cases the strictures are confined to the extrahepatic bile ducts [2, 30]. During ERCP it is 
important to collect bile samples for microbiological examination since in 98% of patients, a 
pathogen is identified, allowing for guided antimicrobial therapy [6].  
The differential diagnosis based on radiographic findings includes PSC and other forms of 
SSC. Differentiation between SSC-CIP and other forms of sclerosing cholangitis heavily 
relies on the clinical history which allows for the identification of the primary insult. 
However, some radiological features suggest SSC-CIP, namely: sparing of the extrahepatic 
bile ducts and the presence of biliary casts [2, 74]. In fact, biliary casts seem to be exclusive 
to SSC-CIP and ischemic sclerosing cholangitis [2, 41]. Ischemic sclerosing cholangitis is 
mostly associated with post-OLT hepatic artery thrombosis and hepatic arterial infusion of 
floxuridine in the context of colorectal liver metastases [29]. The different forms of SSC 
and their typical features are shown in Table 2.  
• Histopathology 
Liver histology has limited diagnostic value because the early features are nonspecific 
changes and consistent with chronic bile duct obstruction [9]. Liver biopsies revealed 
findings suggestive of SSC-CIP in only 36% of patients in one study [30]. Furthermore, there 
seems to be no correlation between histological findings and laboratory values. Nonetheless, 
liver biopsies aid in the differential diagnosis of SSC-CIP, by excluding other conditions 
[32]. 
Histological findings can be divided into those affecting the portal/periportal areas and those 
affecting the acini. In the early stages only the portal/periportal areas are affected with 
biopsies showing oedema of the small and medium portal tracts, mild inflammatory infiltrates 
consisting mostly of lymphocytes with occasional neutrophils and cytological changes in the 
interlobular bile ducts (cytoplasmic vacuolization and loss of polarization) [9, 32]. As the 
disease progresses, marginal ductular proliferation, ductular metaplasia of periportal 
hepatocytes and portal/periportal fibrosis are observed. Bile thrombi can be seen in some 
patients [9, 13, 32]. Only in later stages are the acini affected, with biopsies revealing 
bilirubinostasis, hepatocellular rosette formation and cholestatic necrosis. Eventually, it can 
progress to biliary fibrosis and secondary biliary cirrhosis [75]. Esposito et al. hypothesized 
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that damage to the portal bile ducts is the primary insult and leads to inflammation and 
ductular proliferation in the portal/periportal area, while the parenchymal changes are the 
ultimate consequence of this process [32].  
 
Table 2. Different forms of secondary sclerosing cholangitis with typical clinical and 
imagiological findings. 
Etiology Cause Clinical features US/CT scan ERCP/MRCP References 
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at the distal end of 
the CBD. 
Papillary stenosis.  
Typical beaded 
appearance is seen 
in 20%. 
[29, 76] 
Immunologic IgG4-Related disease ↑ serum IgG4 
Associated with type 1 
autoimmune 
pancreatitis in 90%.  
Responds to 
glucocorticoids. 
Bile duct wall 
thickening. 
Pancreatic 





long and continuous 
stricture (>10mm). 




Ischemic • Post-OLT hepatic 
artery thrombosis 





Liver metastases in 
patients with colorectal 
cancer. 
BCLC stage B 
hepatocellular 
carcinoma. 
Dilated bile ducts. 
US may reveal 
bilomas. 
Biliary casts. 
Middle third of the 













Mostly reversible with 
discontinuation of the 
offending drug.  
Dilated bile ducts. 
Hydronephrosis is 
commonly seen in 
ketamine abuse. 




[21, 41, 47] 
Critically-ill 
patients 
Ischemic bile duct injury Persistent cholestasis 
in patients surviving 
ICU treatment. 
US is normal in 
>50% of cases. CT 











BCLC, Barcelona clinic liver cancer; CBD, common bile duct; CMV, Cytomegalovirus; CT, computed tomography; HAART, highly active antiretroviral 
therapy; OLT, orthotopic liver transplantation; TACE, transarterial chemoembolization; US, ultrasound 
 
Natural history of disease and prognosis 
Persistent cholestasis in patients surviving a life-threatening event is what clinically defines 
SSC-CIP [13]. Despite having an unspecific presentation early on, SSC-CIP can have a 
dramatic course with mortality rates reaching 50% during ICU treatment. Mortality associates 
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with necessity for renal replacement therapy and higher MELD scores [30, 33]. The cause for 
admission in the ICU also affects mortality rates with burns and trauma in previously healthy 
patients associating with better outcomes in the ICU [27]. 
Typical sclerosing cholangitis manifestations, such as jaundice, pruritus and abdominal 
discomfort are only seen in patients who survive the ICU period, when the disease has 
progressed [29]. Severe unintentional weight loss is seen in most patients within the first year 
with an average loss of 18kg, in contrast with PSC where weight loss only occurs in one third 
of the patients [2, 79]. Recurrent episodes of bacterial cholangitis secondary to bile duct 
destruction are common, in which the peripheral bile duct branches can lose their connection 
to the central bile duct system, impairing bile flow and limiting the effect of antibiotic 
treatment. This disconnection favours the formation of cholangitic liver abscesses and 
increases the risk of biliary sepsis, an important cause of death in these patients [2, 34]. 
Progression to liver cirrhosis can occur rapidly over a period of months [2, 13]. In some 
patients it takes as little as weeks for the diagnosis of liver cirrhosis to be made [31]. This 
rapid progression translates into an exceptionally high mortality. The transplant-free survival 
is 55% after 1 year and only 14% after 6 years. SSC-CIP median transplant-free survival is 
13-44 months, which contrasts with 89 months for PSC and 72 months for SSC in general [2, 
34, 35]. On the other hand, while in PSC cholangiocarcinoma occurs in 7-13% of patients, 
there are no reports of cholangiocarcinoma in SSC-CIP patients [35, 39, 80, 81]. This might 
be explained by the short life expectancy and the short follow-up in the studies so far. 
The most common cause of death is hepatic failure, which occurs in 36% of patients.  Out of 
the 60% of surviving patients, approximately 40% develop biliary cirrhosis and  remain in a 




Endoscopic removal of biliary casts and sphincterotomy improve biliary drainage and lead to 
a temporary clinical and biochemical improvement, even when biliary cirrhosis has already 
occurred [9, 36, 37]. Endoscopic balloon dilation and intermittent stenting of dominant 
stenoses also seem to improve cholestasis. However, in most cases this approach is not 
feasible because of the multifocal and intrahepatic localization of the stenoses [13, 36, 37]. 
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Repeated endoscopic interventions are often necessary as biliary casts may recur [2, 43, 74]. 
Despite the transient improvement, disease progression seems inevitable and the outcome of 
patients is not affected by endoscopic therapy [32, 34]. 
Ursodeoxycholic acid (UDCA) is commonly used in an effort to improve bile flow [9, 36, 37, 
43, 74]. No controlled studies assessing the therapeutic potential of UDCA in SSC-CIP have 
been carried out, but its efficacy seems to be limited [13, 34]. 
Recurrent episodes of cholangitis are treated with endoscopic therapy to alleviate obstruction 
and antimicrobials. The antimicrobial therapy should be adjusted based on microbiological 
analysis and it should be extended for 2 weeks [6, 38]. In many cases biliary drainage is 
inadequate because CPRE cannot access excluded peripheral bile ducts, limiting the 
effectiveness of the treatment [2]. 
When SSC-CIP progresses and biliary cirrhosis develops, OLT is the only curative option 
[36]. In some cases, urgent liver transplantation is required during ICU stay due to acute liver 
failure [9]. Up to 75% of SSC-CIP patients must be placed on the waiting list for liver 
transplantation within the first year after the diagnosis [2]. The MELD score is widely used in 
Europe to guide the allocation of liver grafts and has prognostic value in SSC-CIP [30, 82]. 
However, MELD alone may not be a good measurement of the urgency for liver 
transplantation, since many patients with SSC-CIP maintain stable coagulation and liver 
function despite a dismal evolution, thus delaying transplantation [33]. In the case of PSC, 
recurrent bacterial cholangitis confers higher priority in the form of MELD exception points 
[83]. In a study by Leonhardt et al., 2 out of 16 patients died of biliary sepsis while on the 
transplant waiting list, so probably the same rationale should be applied for SSC-CIP [2]. 
Survival rates after liver transplant are comparable to those of patients transplanted due to 
alcoholic liver cirrhosis with 1-and 3-year survival rates around 90% and 85%, respectively 
[2, 33]. Most deaths post liver transplantation occur within the first year, being sepsis the 
main cause of death. Traumatic patients seem to have a better prognosis after liver transplant, 
due to being healthy prior to the life-threatening event [31]. 
 
Conclusion 
SSC-CIP is a recently recognized, underdiagnosed entity that poses a great challenge to both 
intensivists and gastroenterologists. In SSC-CIP both critical illness and ICU treatment are 
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responsible for ischemic injury of the biliary tree that, together with changes in bile 
composition, leads to the formation of biliary casts and stricturing, with subsequent persistent 
bacterial infection driving the rapid progression of the disease. Importantly, high-dose 
vasopressor use does not seem to be associated with the development of SSC-CIP.  SSC-CIP 
shows a typical cholestatic pattern that persists after recovery from the critical illness, which 
should be a hint to differentiate from other causes of cholestasis in the ICU. The diagnosis 
requires MRCP/ERCP but it is often delayed due to the difficulty in assessing which patients 
will benefit from these exams. SSC-CIP has a dismal prognosis with high mortality rates 
even during the ICU and rapid progression to liver cirrhosis requiring liver transplantation. 
Medical treatment is lacking, and endoscopic interventions allow only for palliative 
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